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ABSTRACT 

Purpose To prevent the occurrence of interruptions in mobile radio terminals 
when moving to zones with different modulation formats. 

Constitution The mobile radio terminal of the present invention comprises two 

groups of transmitters having different modulation formats, a switch for 
switching the inputs to the two groups of transmitters, two groups of 
receivers having a plurality of different modulation formats, a switch for 
switching whether to output the reception output as a diversity reception 
output or to output only one, and a control portion for controlling these, 
so that the mobile radio terminal receives channel switching instructions 
along with those for switching base stations when moving to a zone 
with a different modulation format, whereby one group of transceivers 
continues communications while the other group of transceivers 
establishes synchronization on the new modulation format, in order to 
switch communications to the new modulation format after 
establishment of synchronization, thereby preventing interruptions of 
communication. 
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CLAIMS 

1 . A method for preventing interruptions when switching modulation formats 
with zone changes of mobile radio terminals having a plurality of transmitters and 
receivers capable of communication in a plurality of modulation formats in a mobile 
radio system having a plurality of modulation formats; comprising: 

a step wherein when moving from a first zone to a second zone having a 
different modulation format during diversity reception, a second receiver in diversity 
reception due to a first and second receiver in the current modulation format is severed 
from diversity reception while the first receiver continues communicating due to a 
format and channel switching instruction from a first base station; 

a step wherein the second receiver severed from diversity reception establishes 
synchronization on the modulation format of a second zone with a second base station; 

a step wherein the second receiver begins communicating with the modulation 
format of the second zone after establishment of synchronization; 

a step wherein the first receiver establishes synchronization with the second 
base station after the second receiver has commenced communication, and shifts to 
diversity reception with the second receiver after establishment of synchronization; 

a step, simultaneous with said step of switching receivers, wherein a second 
transmitter establishes synchronization with the second base station in the modulation 
format of the second zone different from that of the first transmitter while the first 
transmitter continues transmission, due to said format and channel switching 
instructions; and 

a step wherein the second transmitter commences communications in the 
modulation format of the second zone after establishment of synchronization, and the 
first transmitter ceases transmissions. 

2. A device for preventing interruptions when switching modulation formats with 
zone changes of mobile radio terminals having a plurality of transmitters and receivers 
capable of communication in a plurality of modulation formats in a mobile radio system 
having a plurality of modulation formats; comprising: 
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two groups of transmitters having an antenna, a radio portion and different 
modulation circuits; 

means for switching the inputs to said two groups of transmitters; 

two groups of receivers sharing an antenna and radio portion and having a 
plurality of different demodulation circuits; 

means for switching the outputs of said two groups of receivers to output 
diversity reception or output only one; and 

means for controlling the switching. 

3. A device for preventing interruptions in a mobile terminal as recited in claim 2, 
wherein said means for switching the inputs to said transmitters comprise switching 
means wherein a state of simultaneous connection to the two groups of transmitters 
exists. 

4. A device for preventing interruptions in a mobile terminal as recited in claim 2 
and 3, wherein said transmitter and receiver having an antenna comprises an antenna 
shared for transmission and reception. 

DETAILED DESCRIPTION OF THE INVENTION 

Field of Industrial Application 

The present invention relates to prevention of interruptions in mobile radio terminals 
capable of communicating in a plurality of modulation formats. 

Prior Art 

While the FM format has been the conventional modulation format in mobile radio 
systems, there, have recently come to be more cases in which a plurality of modulation 
formats, e.g. FM format and digital modulation formats are intermixed due to the 
digitalization of mobile radio systems. As a publicly known technique for suppressing 
the interruptions of communication due to switching of modulation formats short in 
mobile radio terminals capable of communicating with such systems, Japanese Patent 
Application No. S58-161427 has been published. Fig. 3 is a diagram showing the 
structure of a receiver having different modulation formats such as an FM format and 
digital modulation format as an example of such publicly known art. That is, a 
receiver having FM format and digital modulation format reception circuits comprises 
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mans for switching the reception circuit so as to adapt to the received modulation 
format by making a determination on the output of a synchronization exclusion 
detecting circuit 27 included in the digital reception circuit 25 in accordance with 
whether the received modulated signal is in an FM format or a digital modulation 
format. That is, the receiver is always connected to the digital reception circuit 25 side, 
so that when receiving in an FM format, the synchronization exclusion signals cause an 
immediate switch to the FM reception circuit 24, and next, if receiving in a digital 
format, the switching circuit 28 returns to the digital reception circuit 25, so that the 
time required to establish synchronization, i.e. the state of interruption only lasts a short 
time, but is not entirely eliminated. Additionally, this receiver has a structure which 
responds to arbitrary switching of the modulation format on the transmission side 
without depending on format switching instructions from the base station, which makes 
it different from public mobile radio systems such as car telephones. 

Problems to be Resolved by the Invention 

As explained above, the interruptions due to switching from an FM format to a digital 
modulation format or a digital modulation format to an FM format in the above system 
causes not only call skips but also reception errors of data and faxes, the purpose of the 
present invention is to provide two groups of transceivers with different modulation 
formats and a switching control circuit, so as to prevent interruptions by means of 
switching instructions and execution instructions from the base station, and 
establishment of synchronization of the terminals with the base station when switching 
modulation formats. 

Means for Resolving the Problems 

A method for preventing interruptions when switching modulation formats with zone 
changes of mobile radio terminals having a plurality of transmitters and receivers 
capable of communication in a plurality of modulation formats in a mobile radio system 
having a plurality of modulation formats according to the present invention comprises a 
step wherein when moving from a first zone to a second zone having a different 
modulation format during diversity reception, a second receiver in diversity reception 
due to a first and second receiver in the current modulation format is severed from 
diversity reception while the first receiver continues communicating due to a format and 
channel switching instruction from a first base station; a step wherein the second 
receiver severed from diversity reception establishes synchronization on the modulation 
format of a second zone with a second base station; a step wherein the second receiver 
begins communicating with the modulation format of the second zone after 
establishment of synchronization; a step wherein the first receiver establishes 
synchronization with the second base station after the second receiver has commenced 
communication, and shifts to diversity reception with the second receiver after 
establishment of synchronization; a step, simultaneous with said step of switching 
receivers, wherein a second transmitter establishes synchronization with the second base 
station in the modulation format of the second zone different from that of the first 
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transmitter while the first transmitter continues transmission, due to said format and 
channel switching instructions; and a step wherein the second transmitter commences 
communications in the modulation format of the second zone after establishment of 
synchronization, and the first transmitter ceases transmissions. Furthermore, a device 
for preventing interruptions when switching modulation formats with zone changes of 
mobile radio terminals having a plurality of transmitters and receivers capable of 
communication in a plurality of modulation formats in a mobile radio system having a 
plurality of modulation formats according to the present invention comprises two 
groups of transmitters having an antenna, a radio portion and different modulation 
circuits; means for switching the inputs to said two groups of transmitters; two groups 
of receivers sharing an antenna and radio portion and having a plurality of different 
demodulation circuits; means for switching the outputs of said two groups of receivers 
to output diversity reception or output only one; and means for controlling the 
switching. 

Additionally, the means for switching the inputs to the transmitters comprise switching 
means wherein a state of simultaneous connection to the two groups of transmitters 
exists. 

Additionally, the transmitter and receiver having an antenna comprises an antenna 
shared for transmission and reception. 

Functions 

Since the mobile radio terminal of the present invention comprises two groups of 
transmitters having an antenna, a radio portion and different modulation circuits; means 
for switching the inputs to said two groups of transmitters; two groups of receivers 
sharing an antenna and radio portion and having a plurality of different demodulation 
circuits; means for switching the outputs of said two groups of receivers to output 
diversity reception or output only one; and means for controlling the switching, the 
mobile radio terminal receives base station format and channel switching instructions 
when moving to a zone with a different format, and establishes synchronization with the 
modulation format of the second zone with one transceiver while continuing 
communications on the current modulation format with the other, so that there is no 
state of interruption after establishment of synchronization and it switches to the second 
zone modulation format. 

Embodiments 

Next, the method and device for preventing interruptions in a mobile radio terminal 
according to the present invention shall be explained. Fig. 1 is a structural diagram of 
a interruption prevention device for a mobile radio terminal according to the present 
invention; Fig. 2 is an example of a sequence for switching from a modulation format 1 
from a modulation format 2 upon movement to a zone with a different modulation 
format. 
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The interruption preventing device of the mobile radio terminal comprises a transmitter, 
receiver and control portion, the transmitter comprising a transmitting antenna 1, a radio 
portion 2, a modulation circuit 3, a transmitting antenna 4, a radio portion 5, a 
modulation circuit 6 and a switch 7. The modulation circuits 3 and 6 have different 
modulation formats. The switch 7 has a function of switching the baseband signal to 
be input to the modulation circuit 3, modulation circuit 6, or both the modulation circuit 
3 and modulation circuit 6. On the other hand, the receiver comprises a receiving 
antenna 8, a radio portion 9, two demodulation circuits 10 having different modulation 
formats, a receiving antenna 11, a radio portion 12, two demodulation circuits 13 having 
different modulation formats and a switch 14. The switch 14 has the function of 
switching to select the output of the demodulation circuit 1 0, the output of the 
demodulation circuit 13, or the output of the diversity circuit 15 from the output of the 
demodulation circuit 10 and demodulation circuit 13. It also comprises a control 
portion 16 for controlling the transmitting side and receiving side. 

In the method for preventing interruptions in a mobile radio terminal according to the 
present invention, when moving from a first zone to a second zone having a different 
modulation format during diversity reception, on the reception side, upon receiving a 
format and channel switching signal from the first base station , the second receiver 
(henceforth called RX2) is severed from the diversity reception with the first receiver 
(henceforth called RSI) performed until then, and the demodulation output (henceforth 
called RX) becomes a solitary reception from the modulation format 1 . RX2 shifts to 
establishment of synchronization with the second base station, and when the 
synchronization of RX2 is established, RX2 takes the predicted timing to receive a 
format and channel witching execution instruction signal from the first base station, and 
switches to reception by the modulation format 2. On the other hand, RX1 switches to 
the modulation format 2 after reception by RX2 under the modulation format 2, and 
shifts to establishment of synchronization with the second base station, so that RX goes 
to solitary reception by the modulation format 2. After the synchronization of RX1 
has been established, RX1 switches to reception by the modulation format 2, and RX 
goes to diversity reception by the modulation format 2, In the reception switching 
from the modulation format 1 to the modulation format 2, RX2 and RX1 sequentially 
establish synchronization to switch reception as explained above, so that there are no 
interruptions in reception due to synchronization establishment. 

On the other hand, on the transmitting side, the first transmitter (henceforth called TX1) 
first receives a format and channel switching instruction signal from the first base 
station via the RX1 and RX2 which are in diversity reception, and synchronization is 
established by the second transmitter (henceforth called TX2) which had not been used 
until then with the second base station. Upon establishment of synchronization, the 
predicted timing is taken so that a format and channel switching execution instruction is 
received from the first base station via the RX1, arid the TX2 begins transmitting by the 
modulation format 2. After transmission by TX2, TX1 ceases transmitting by 
modulation format 1 . The switch to the modulation format 2 is performed after TX2 



Japanese Patent Application 
First Publication No. H7-1 84251 



Page 7 



has established synchronization, so that there are no interruptions of transmission due to 
establishment of synchronization. 

Effects of the Invention 

As explained above, by using two groups of transmitters and two groups of receivers of 
different modulation formats, the present invention switches modulation formats after 
establishing synchronization in the new modulation format with one group of 
transceivers while continuing to communicate in the current modulation format with the 
other group of transceivers, making it possible to prevent interruptions of 
communications due to establishment of synchronization. 

Additionally, since the two receivers which mobile radio terminals normally have are 
used as they are with the exception of a portion of the demodulation circuit, it is 
possible to prevent increases in cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 A structural diagram of an interruption prevention device for a mobile radio 
terminal according to the present invention. 

Fig. 2 An example of a sequence for switching from a modulation format 1 to a 

modulation format 2 during movement to a zone with a different modulation 
format according to the present invention. 

Fig. 3 An example of modulation format switching during movement to a zone with a 
different modulation format according to convention. 

Description of Reference Numbers 



1,4 


transmitting antenna 


2,5 


radio portion 


3,6 


modulation circuit 


7, 14 


switch 


8, 11 


receiving antenna 


9, 12 


radio portion 


10, 13 


demodulation circuit 


15 


diversity circuit 


16 


control portion 



